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Abstract
The concentrations of zinc (Zn), iron (Fe) and copper (Cu) in both human milk and infant formula were determined us-
ing a new sample preparation method, by inductively coupled plasma – optical emission spectometry (ICP-OES) and
flame atomic absorption spectrometry (FAAS). Human milk samples were diluted in ultrapure water. The infant formu-
la of powder samples (suitable for an infant 1–6 months of age) and standard reference material (SRM-1849) were
analyzed in parallel.
The results have shown that FAAS method was more sensitive for Fe determination in human milk while ICP-OES was
more sensitive for both Zn and Cu detection. The limit of quantification for both Zn and Cu was 5 μg L–1 and 10 μg L–1
for Fe and the recovery for Zn, Fe and Cu was ranged from 90% to 94%, 97% to 103% and 90% to 102%, respectively.
Mean concentrations of Zn, Fe, and Cu in human milk samples were 5.35, 0.47 and 0.83 mg L–1, respectively while the-
se values in infant formula were ranged from 3.52–4.75 mg L–1, 3.37–4.56 mg L–1 and 0.28–0.41 mg L–1, respectively.
Despite the sample complexity, the proposed method using dilution of milk samples with water was simple, rapid, effec-
tive and accurate. ICP-OES was a better method for Zn determination while FAAS was a better method for Fe determi-
nation. In the case of Cu both methods were comparable.
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1. In troduction
Human breast milk is a complex mixture of nu-
trients. The World Health Organization recommends
breast milk as the ideal food for the growth of infants un-
der 12 months of age.1 Human milk contains almost all
the essential components (minerals, vitamins, essential
amino and fatty acids) required for normal growth and de-
velopment of newborns.2–4 Microelements are important
constituents of a large number of molecules including
structural proteins and catalytic enzymes. Zinc (Zn), iron
(Fe), and copper (Cu) are essential microelements for the
normal growth of an infant. The European Society for Pe-
diatric Gastroenterology, Hepatology and Nutrition
(ESPGHAN) proposed standards for infant formula com-
position, specifically 0.5–1.5 mg of Zn and 0.3–1.3 mg of
Fe in 100 kcal of infant formula.5 Human milk during ear-
ly childhood (the first few months of a baby´s life), provi-
des both protection for the immune system and healthy
development.6 Zn is an essential microelement for many
biochemical processes, especially for infants as it is a co-
factor and constituent of almost 300 enzymes. Zn partici-
pates in nucleic acid metabolism, synthesis and turnover
of proteins, lipids, carbohydrates, cell replication and ge-
ne regulation.7 During pregnancy, childhood and adoles-
cence Zn supports healthy development and normal
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growth.8–10 Copper (Cu) is another very important mi-
croelement for enzyme catalysis crucial for balanced me-
tabolism.11 Moreover, Cu regulate myelin sheath produc-
tion in the nervous system, melanin synthesis and normal
thyroid gland function.12 Cu has both, antioxidant and
pro-oxidant properties. Another trace element of interest
is iron (Fe) which is absolutely required for hemoglobin
synthesis and red blood cell formation and for regulation
of oxidative reactions.9–14 Human milk demonstrates some
bacteriostatic properties most likely due to the content
and/or bioavailability of Fe in breast milk. Many in vivo
and in vitro studies have confirmed that Fe is a key factor
in breast milk to protect against pediatric pathogens.15
Therefore, a deficiency or excess of these microelements
could threaten enzyme activities and biological processes
in the human body.16,17
Definition of nutritional requirements as well as
physiology of milk secretion for infants is based on appro-
priate date of micronutrient content in human milk during
lactation. Determination of trace elements content is very
important since the examined matrix is very complex
emulsion, with low metal ions concentration. Previous
studies using a number of different methods have been
published.18–20 Atomic absorption spectrometry was one
of the first techniques employed and it is still used in cli-
nical and dairy product analysis.21 ICP-OES, FAAS, elec-
trothermal atomic absorption spectrometry (EAAS) and
inductively coupled plasma – mass spectometry (ICP-
MS) are standard techniques nowadays.22,23 A new met-
hod for Cu determination, zeeman electrothermal atomic
absorption spectrophotometry (ZEAAS), was recently es-
tablished. It does not require sample digestion, requires
minimal preparation and uses two chemical modifiers.24
Determination by inductively coupled plasma – atomic
emission spectroscopy (ICP-AES) and ICP-MS of major
and minor elements has used milk dilution procedures
with 5 or 10% v/v water-soluble extract mixed with ter-
tiary amine reagent at pH 8.25
Despite the fact that ICP-MS is highly sensitive, ac-
curate and precise, it is the least used technique in clinical
laboratories due to high instrument cost and demanding
protocols.26–28 Neutron activation analysis (NAA) is one
of the most sensitive techniques for applications in clini-
cal biology. However, analyses are time consuming and
therefore largely inappropriate.29
Microwave-assisted digestion is the most common
sample preparation method for clinical and diary sam-
ples.30 Despite the fact that the technique is fast and sim-
ple, strong acids for sample degradation are needed. The-
re is a lack of information regarding a unified human sam-
ple preparation procedure. Accordingly, the first aim of
our study was to introduce a new method for human milk
and infant formula sample preparation based on simple
water-based dilution without chemical consumption. This
could be considered as an environmentally-friendly
“green method” for clinical and diary sample preparation.
This is similar to inorganic ion determination using mini-
mal nitric acid consumption and water dilution in don-
key´s milk by ion chromatography.31
The second aim of this study was to optimize mi-
croelement analysis using ICP-OES via an easy, rapid,
cost-effective and environmentally acceptable procedure
amenable to most laboratories. 
2. Material and Methods
2. 1. Sample Collection and Storage
Twenty-eight human milk samples (10–20 ml) were
obtained from healthy mothers (aged 31.2 ± 6 years) on a
first day after on-term delivery at the Department of Neo-
natology in Subotica Hospital in January 2013. All the
mothers gave written consent for milk sampling. The Et-
hical Committee of the Faculty of Medicine in Belgrade
approved the study (No.01-434/4, dated 22/05/2012). The
study protocol adhered to general guidelines laid down by
the Ethical Committee of the Faculty of Medicine.
Every mother cleaned her breast and nipple with ul-
trapure water (Milli-Q, conductivity <1μS/cm) using pro-
tective gloves prior to milk sampling using a manual
breast milk pump and/or a passive breast milk sampler.
The women were instructed to sample milk both at the
beginning and at the end of the breast-feeding session.
Milk samples were collected in clean plastic vessels
which were previously washed with ultrapure water. Hu-
man milk samples were labeled and stored at –20°C befo-
re analysis. Random samples of infant formula were ob-
tained from the local market (five different manufactu-
rers) in Montenegro (APTAMIL 1, BEBELAC 1, HIPP,
NAN 1 and IMPAMIL®MIL1). IMPAMIL®MIL1 was
produced in Serbia. Others originated from EU countries.
Formulae were purchased in triplicate from January to
April, 2013. The samples were stored in a dark and dry
location until analysis, which was performed before the
expiry date.
Human milk samples were defrosted at room tempe-
rature and diluted 10 times with ultrapure water. Infant
formulae samples were prepared as follows: 1 g was made
up to 100 ml of ultrapure water, due to the higher concen-
trations of the microelements and higher density of the re-
sulting solutions in comparison to diluted human milk
samples. This procedure allowed analyses to fall within
the linear ranges of the analytical standard calibration cur-
ves. Our methodology allowed direct analysis of samples
without digestion and took into consideration possible in-
terference from organic matter during the detection of the
microelements. Using the above-mentioned dilution pro-
cedures, the samples were prepared in such a way to be
very similar (fat and protein content) and enabled us to
correctly validate the method. The content of the analyzed
microelements in the samples was similar to the chosen
reference material. 
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2. 2. Reagents
All chemicals used were purchased as analytical
grade. Zn, Fe and Cu analytical solutions were prepared
after serial dilutions of stock reference solutions contai-
ning 1000 mg L–1 of each element (LGC-ICP-OES
stock solution). Reference material from the National
Institute of Standards and Technology (NIST), and in-
fant/adult nutritional formula SRM-1849 were used as
calibrators.
2. 3. Equipment
The ICP-OES instrument (with axial configuration)
was purchased from Spectro Analytical Instruments Gmb-
H (Kleve, Germany). It was controlled using Smart
Analyzer Vision Software (version 5.01.0928) and con-
nected to an ASX-520 auto sampler (CETAC). Spectro
ICAL solution (10x concentrate, Berd Kraft Der Stan-
dard) was used for self-checking and self-adjustment of
the instrument (over the entire polychromator). ICP-OES
instrument parameter settings are shown in Table 1.
evaluate the differences between FAAS and ICP-OES. Des-
criptive statistics was used for data evaluation. The results
are presented as tables and box plots. The boxes represent
the median and the 25th and 75th percentiles; the whiskers
represent the non-outlier range. Outliers and extremes were
defined as data point values that were more than 1.5× and
3× the interquartile range (IQR) outside of the box.
3. Results and Discussion
3. 1. Method validation
Table 2 summarizes sensitivity and linearity. The li-
nearity of the measurement was assessed by analyzing five
standard solutions prepared by diluting the standard mixtu-
re solution (1000 mg L–1) in ultrapure water. All standards
(0, 0.05, 0.1, 0.5 and 1.0 mg L–1) were measured in tripli-
cate. Standards were analyzed on a regular basis for the
purpose of monitoring instrument drift. In order to monitor
cross-contamination and sample loss blank solutions were
analyzed on a regular basis.32 Surface area vs. metal ion
concentration was plotted and calibration curves were con-
structed. The aim of the study was to obtain a correlation
coefficient of R2 > 0.999 for linearity.32 Since the correla-
tion coefficients for Zn, Fe and Cu were R2 > 0.9999, the
aim of study was met. Within the measurement range de-
viations from theoretical values did not exceed 5% which
demonstrated good correlation between element concen-
tration and surface area. To evaluate sensitivity of the
analytical method the limits of detection (LOD) and limits
of quantification (LOQ) were used. Their values were de-
termined as (3 σ/S) and (10 σ/S), respectively. According
to International Union of Pure and Applied Chemistry (IU-
PAC) recommendations, detection and quantification li-
mits were calculated where σ was the standard deviation
(SD) of the response to ten calibration blanks and S was
the slope of the analytical curve. The highest detection li-
mit was for Fe, 3.0 mg L–1. Precision was evaluated
through the determination of the coefficient of variation
(CV) by measuring the relative standard deviation.33 For
each sample duplicate measurements were repeated as six
replicates per day for intra-assay variation. The standard
deviations (SDs) of intra-assay variation were 4% for Zn,
8% for Fe and 1% for Cu by ICP-OES and 3% for Zn, 3%
for Fe and 0.6% for Cu by FAAS. Coefficients of variation
(CVs) were acceptable for clinical sample detection (CV <
7%). CV values were lower from FAAS, whereas the reco-
very of Zn and Cu was superior from ICP-OES.
Table 1. ICP-OES instrument parameter settings 
Parameter Setting
Plasma Power 1.4 KW
Pump Speed 30 Rpm
Coolant Flow 14 L min–1
Auxiliary Flow 0.7 L min–1
Nebulizer Flow 0.9 L min–1
Spray chamber Cyclonic
Plasma viewing mode Axial
Processing mode Area
Metal (wavelength, nm) Zn (213.857), Fe (238.204),
Cu (327.396)
Correlation Coefficient 0.999
Number of replicates 3
Rinse delay 30 s
Read delay 30 s
Table 2. Analytical method validation
Element Relative precision (%) R2 Linearity range (μg L–1) LOD (μg L–1) LOQ (μg L–1)
Zn 4 0.99994 0.9–2400 1.5 5
Fe 8 0.99971 0.7–2400 1.5 5
Cu 1 0.99957 1.2–2400 3.0 10
2. 4. Statistical Analysis
Statistical analyses were conducted using SPSS Ver-
sion 17.0 for Windows. Correlation coefficients for Zn, Fe
and Cu in human milk samples were established (Pearson
coefficient). The results were considered to be statistically
significant if p was < 0.05. Linear regression was used to
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3. 1. 2. Accuracy
There was no suitable and available reference mate-
rial for human milk. Accordingly, the method accuracy
was assessed using the SRM. Quality control was verified
by recovery experiments for the three selected microele-
ments. Recoveries of the analyzed microelements by ICP-
OES and FAAS for SRM NIST-1849 are presented in Tab-
le 3. Although milk is a complex matrix composed of pro-
teins, carbohydrates and lipids accuracy indicated good
recovery from two different microelement spiked concen-
trations (10 and 50 μg L–1) in human milk pools (Table
4).28 Specifically, average recovery ranged from 90% to
94% for Zn, 90% to 102% for Cu by ICP-OES and 97% to
103% for Fe by FAAS (Table 4). Blank samples and the
0.25 mg L–1 control standard were evaluated together with
samples in each batch (Table 5). 
ICP-OES and FAAS analysis of Zn, Fe and Cu in
SRM-1849 infant/adult Nutritional Formula and infant
formula (Aptamil, Bebelac, NAN1, HIPP and Impamil
Mil1) are summarized in Tables 6 and 7. The concentra-
tions of Zn, Fe and Cu in SRM-1849 obtained by FAAS
and ICP-OES were similar with the stated reference va-
lues. Better results for Zn and Cu were obtained by ICP-
OES whereas FAAS provided a better result for Fe. For
each sample, duplicate tests were repeated 6 times per day
for intra-assay comparison. Analytical characteristics (li-
nearity, sensitivity, precision and accuracy) were conside-
red satisfactory for analysis of clinical and infant formula
samples by ICP-OES.
3. 1. 3. Clinical Sample Detection
After method validation 28 samples of human milk
were analyzed for Zn and Cu content by ICP-OES while
Fe content was measured by FAAS. Results of human milk
analysis are shown in Table 8, while concentration correla-
tion with dietary reference intake of Institute of Medicine34
between Zn, Fe and Cu is to be found in Table 9.
The results reported in Table 8 showed that Zn
concentration on a first day after delivery (5.35 ± 2.15
Table 3. Recovery (%) of NIST 1849 by ICP-OES and FAAS
Element ICP-OES FAAS
Zn 91 85
Fe 93 100
Cu 99 98
Table 4. Recoveries of spiked (10 and 50 μg L–1) Zn, Fe and Cu in
milk samples from lactating mothers
Element Min % Max %
Zn 90 94
Fe 97 103
Cu 90 102
Table 5. Recovery and precision for control standard 0.25 mg L–1
Element Mean ± SD Recovery (%) RSD (%)
Zn 0.2632 ± 0.0085 105.3 3.40
Fe 0.2592 ± 0.0043 103.7 1.65
Cu 0.2583 ± 0.0032 103.3 1.23
Table 6. Detected (by ICP-OES) and certified and labeled values of microelements in infant formula and SRM. Mi-
nimum and maximum values are expressed as mean values (n = 12)
Detected values mg/100g of powder Certified and labeled values 
Min Max Mean ± SD mg/100g of powder
SRM 12.89 14.25 13.93 ± 0.4 15.23 ± 0.5
Aptamil 1 3.49 3.71 3.52 ± 0.2 3.6
Zn Bebelac 1 3.28 3.55 3.48 ± 0.3 3.6
HIPP 3.75 4.10 3.86 ± 0.4 4.0
NAN 1 4.65 5.10 4.75 ± 0.4 5.4
Impamil®Mil1 4.25 4.85 4.45 ± 0.2 4.3
SRM 13.88 17.04 16.47 ± 0.8 17.71 ± 0.3
Aptamil 1 3.59 3.94 3.78 ± 0.4 3.9
Fe Bebelac 1 3.38 3.71 3.63 ± 0.3 3.9
HIPP 3.73 4.21 3.89 ± 0.5 4.0
NAN 1 4.45 4.95 4.56 ± 0.4 5.2
Impamil®Mil1 3.26 4.00 3.37 ± 0.1 3.6
SRM 1.83 2.07 2.01 ± 0.10 2.03 ± 0.04
Aptamil 1 0.26 0.33 0.30 ± 0.05 0.29
Cu Bebelac 1 0.26 0.31 0.28 ± 0.03 0.29
HIPP 0.25 0.28 0.26 ± 0.05 0.27
NAN 1 0.34 0.41 0.38 ± 0.05 0.40
Impamil®Mil1 0.30 0.36 0.32 ± 0.06 0.36
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mg L–1) was higher than in the previously reported
study.35. Mean values for Zn in a study reported by Hon-
da were very similar to our study and it was 5.32 mg
L–1.36 Based on this data Zn concentration on a first day
after delivery are in accordance to the Daily Recommen-
ded Intake (DRI) and can satisfied infant needs. The
mean concentration of Zn reported for donkey milk, that
is considered as a best replacement for human milk, re-
ported in some studies are comparable to our human
milk study.23,37,38.
The mean Fe concentration determined for clinical
samples was 0.83 ± 0.99 mg L–1 and as such it was lower
than the value reported in the previous studies as well as
in some studies for donkey milk.23,35,37,39 The mean con-
centration of Cu in human milk samples was 0.47 ± 0.20
mg L–1. The obtained data pointed out that Fe content sho-
wed the same trend as Zn, which is a lower concentration
in both, human and donkey milk as it has been established
in the previous studies.37,39 It could be concluded that on a
first day of delivery level of Zn, Fe and Cu human milk is
sufficient to meet the recommended values. 
There is no statistically significant correlation bet-
ween Zn, Fe and Cu content in human milk samples (p >
0.05).
The obtained data showed that ICP-OES method
provided statistically significantly higher average values
Table 7. Detected (by FAAS) and certified and labeled values of microelements in infant formula and SRM. Mini-
mum and maximum values are expressed as mean values (n = 12)
Detected values mg/100g of powder Certified and labeled values 
Min Max Mean ± SD mg/100g of powder
SRM 12.74 13.14 12.90 ± 0.3 15.23 ± 0.5
Aptamil 1 2.75 3.21 3.10 ± 0.4 3.6
Zn
Bebelac 1 2.85 3.15 3.09 ± 0.4 3.6
HIPP 3.37 3.75 3.58 ± 0.3 4.0
NAN 1 4.12 5.00 4.55 ± 0.5 5.4
Impamil®Mil1 3.89 4.15 4.01 ± 0.1 4.3
SRM 17.23 18.30 17.74 ± 0.3 17.71 ± 0.3
Aptamil 1 3.55 3.85 3.61 ± 0.3 3.9
Fe
Bebelac 1 3.67 3.90 3.75 ± 0.3 3.9
HIPP 3.78 4.10 3.95 ± 0.3 4.0
NAN 1 4.98 5.29 5.05 ± 0.5 5.2
Impamil®Mil1 3.25 3.75 3.55 ± 0.1 3.6
SRM 1.82 2.21 1.99 ± 0.06 2.03 ± 0.04
Aptamil 1 0.27 0.32 0.29 ± 0.03 0.29
Cu
Bebelac 1 0.25 0.30 0.27 ± 0.03 0.29
HIPP 0.21 0.27 0.24 ± 0.04 0.27
NAN 1 0.34 0.40 0.37 ± 0.02 0.40
Impamil®Mil1 0.31 0.37 0.33 ± 0.08 0.36
Table 8. Descriptive analysis of for Zn, Fe and Cu in human milk
samples
Element
Concentration, (mg L–1)
Min. Max. Mean ± SD DRI (mg)
Zn 2.22 9.91 5.35 ± 2.15 2.00
Fe 0.32 5.50 0.83 ± 0.99 0.27
Cu 0.12 0.92 0.47 ± 0.20 0.20
N 28
Table 9. Correlation concentration coefficient for Zn, Fe and Cu in
human milk samples 
Element Cu Zn Fe
Cu 1
Zn –0.135 1
Fe 0.116 –0.069 1
Figure 1. Concentration of Zn, Fe and Cu in human milk samples
on a first day after the delivery. The boxes represent the median and
the 25th and 75th percentiles; the whiskers represent the non-out-
lier range.
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for 9.5 mg L–1 for Zn when compared to FAAS (p =
0.001). Method FAAS provided statistically significantly
higher average values of 23.25 mg L–1 for Fe when com-
pared to ICP-OES (p < 0.001). For Cu, there was no stati-
stically significant difference between both methods (p =
0.671). Figure 1 shows changes of Zn, Cu and Fe concen-
tration in human milk samples on the first day after the de-
livery. 
4.  Conclusion 
In this study, a fast, easy, economical and simple
method for sample preparation was developed (no degra-
dation) in order to determine the essential trace elements
in human breast milk. Method evaluation and clinical
sample detection on ICP-OES were used for validation of
accuracy, reliability and practicality. The main advantage
of presented sample preparation method is the fact that
there is no chemical consumption and it is considered to
be a green chemical method, i.e. it is environmentally ac-
ceptable. In conclusion, the proposed method is simple,
economical, accurate, and highly reliable and as such, it
can be applied to the clinical detection of trace elements
in biological samples. There is no statistically significant
correlation between Zn, Fe and Cu concentrations in hu-
man milk samples. Based on the obtained data and linear
regression, it could be concluded that ICP-OES is a better
method for Zn determination, FAAS for Fe, while there is
no statistically significant difference between these two
methods, when Cu is concerned.
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Povzetek
Z uporabo opti~ne emisijske spektrometrije z induktivno sklopljeno plazmo (ICP-OES) in plamenske atomske absorp-
cijske spektrometrije (FAAS) smo v vzorcih humanega mleka in vzorcih mle~nih formul za dojen~ke dolo~ili koncen-
tracije cinka, `eleza in bakra. Poleg mle~nih formul za dojen~ke stare od 1 do 6 mesecev smo analizirali tudi standard-
ni referen~ni material SRM-1849. Za Fe smo najbolj{o ob~utljivost dolo~ili s FAAS, za Zn in Cu pa z ICP-OES. Meja
dolo~anja za Zn in Cu je 5 μg L–1 in 10 μg L–1 za Fe. Izkoristki za Zn, Fe in Cu so v obmo~jih od 90 % do 94 %, 97 %
do 103 % in 90 % do 102 %. V vzorcih humanega mleka so bile povpre~ne koncentracije Zn, Fe in Cu 5,35, 0,47 in 0,83
mg L–1, medtem ko so bile v mle~nih formulah za dojen~ke v obmo~jih od 3,52–4,75 mg L–1, 3,37–4,56 mg L–1 in
0,28–0,41 mg L–1. Kljub kompleksnosti vzorcev je predlagana metoda preprosta, hitra in u~inkovita. Za dolo~anje Zn je
bolj{a ICP-OES metoda, za dolo~anje Fe pa FAAS. V primeru Cu sta metodi primerljivi. 
